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abstract 

In earlier publications (S512 and S553), data were given on the planetary radi- 
ation emanating from different parts of the surface of Mars as measured with a 
thermocouple and filters. From these radiometric measurements, planetary 
temperatures were calculated by five methods, using the transmission data of the 
earth's atmosphere at 7 to 15 ju, published by Fowle in the Smithsonian Physical 
Tables. In the meantime, based upon observations at Flagstaff, Arizona (ele- 
vation 7,250 ft), Adel and Lampland have published atmospheric transmissions 
that appear to be somewhat different from the Smithsonian measurements, in 
the spectral band extending from 7 to 15 n. 

Since the planetary-radiation measurements were made at Flagstaff, the data 
obtained during the oppositions of Mars in 1924 and in 1926 have been recalcu- 
lated, using the atmospheric transmissions observed at that station. In the 
present communication the five methods and procedures previously used, by 
three calculators, in deriving planetary temperatures are reviewed, and it is 
shown that in four of these methods of calculation, which employ the law of total 
radiation of a black body, there is but little difference in the planetary temper- 
atures deduced by using the transmission coefficients of the earth's atmosphere 
published by these two sets of observers. This is owing to the fortuitous circum- 
stance that, while they differ in spectral outline, there is but little difference in the 
total areas encompassed by these two transmission curves, and hence, in the cal- 
culated total amount of planetary radiation transmitted by the earth's atmos- 
phere. Hence, no revision is made of the planetary temperatures previously 
deduced by the four methods involving the law of total radiation. 

On the other hand, the fifth method, using the law of spectral radiation of a 
black body and the Flagstaff transmission coefficients of the atmosphere, gives 
planetary temperatures that are entirely different from the values previously 
deduced by this method, and by the four other methods, by applying the Smith- 
sonian data. This inconsistency can be eliminated, at least in part, and the data 
harmonized by taking into consideration selective emission of the planetary 
surface. 

On the assumption that the surface of Mars, like that of the earth, is composed 
of silicates (feldspar, mica, silica, etc.) which have a high selective emission at 
8 to 10 /z, the temperatures derived from the spectral components of planetary 
radiation of Mars, measured in 1926, are in good agreement with the values calcu- 
lated by other methods that are less affected by selective spectral emission. From 
this it would appear that, assuming that the temperatures deduced by the other 
methods of calculation are indicative of meteorological conditions at the time of 
making the observations, the fluorite-filter method of analysis may be a useful 
means of securing information on the selective spectral emission of the planetary 
surface. 

In a supplementary note a new thermocouple, made of bismuth and Chromel-P 
wires, suitable for planetary radiometry is described. 
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I. INTRODUCTION 

In a previous paper [1] x the writer summarized estimates of the 
temperature of the surface of Mars, based upon radiometric measure- 
ments with filters, including a plate of fluorite 2.7 mm in thickness, 
which give an integrated spectrum analysis of the band of planetary 
radiation, of wavelengths extending from about 7 to 15 ju, that is 
freely transmitted by the earth's atmosphere. 

In the absence of a spectroradiometric analysis of the energy dis- 
tribution of radiation from the planet, transmitted by the earth's 
atmosphere, the fluorite filter is especially useful in separating this 
band of radiation into two components (A, extending from about 7 to 
12.5 fi; and i?, extending from about 12.5 to 15 /x), the ratio of which 
gives some indication of the selective emission of the planetary 
surface [1, p. 379]. 

In the previous calculations of planetary temperatures the trans- 
mission coefficients of the earth's atmosphere, observed by Fowle [7] 
and published in the Smithsonian Physical Tables, were used. The 
temperatures derived from a comparison of the observed and the cal- 
culated ratios of the spectral components, A:B, were of the same 
magnitude as those obtained by several other methods of calculation. 
In other words, the fluorite-filter analysis gave no definite indication 
of the selective emission that is to be expected to obtain on a planet 
having a surface (presumably composed of silica, silicates, and per- 
haps sulfates) similar to that of the earth [1, p. 379]. 

Moreover, since all the methods of analysis indicated that the 
temperature of the dark areas of Mars, under a noonday sun, rises 
considerably above the freezing point of water (in agreement with 
visual observations), the tendency seemed to be to consider the 
question solved. However, this question is reopened by the publica- 
tion of atmospheric-transmission data, by Adel and Lampland [4], 
indicating a higher transmission at 8 to 9 ^ and a lower transmission 
at 13 to 14 \i than that given in the Smithsonian Physical Tables. 
The implications of the effect this shift in spectral transmissions would 
have on the ratios of the components, A : B, were at once apparent to 
the writer and were verified by calculations, which showed that the 
planetary temperatures derived by using the atmospheric transmis- 
sions published by Adel and Lampland [4] were from 50° C (1926) to 
more than 100° C (1924) lower than those derived by using Fowle's 
data and that the resultant discrepancy with the temperatures derived 
by several other methods of calculation (at least of the 1926 observa- 

> Figures in brackets indicate the literature references and notes at the end of this paper. 
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tions) can be eliminated by taking into consideration the selective 
emission of the surface of Mars. 

Evidently the fluorite-filter method of analysis of the spectral com- 
ponents of planetary radiation requires a more accurate knowledge 
of the transmission coefficients of the earth's atmosphere at 8 to 15 ii 
than is required in making the calculations by using the law of total 
radiation of a black body [1, p. 379]. 

Since there is good agreement in the Martian temperatures, de- 
duced by four methods of calculation, using the Smithsonian and the 
Lowell transmission coefficients of the earth's atmosphere and the 
law of total radiation of a black body, it seems permissible to assume 
that these values are indicative of temperature conditions on the 
planetary surface at the time of making the radiometric measure- 
ments. Hence, as outlined in the present paper, using the spectral 
components, A:B, of the planetary radiation at 8 to 15 jjl, measured 
with the fluorite filter, by trial calculation an estimate is obtained of 
the selective spectral emission of the planetary surface that is re- 
quired in order to deduce planetary temperatures in agreement with 
the values obtained by the four other methods, which are less sensi- 
tive to terrestrial and planetary meteorological conditions. From 
this it would appear that, with accurate transmission coefficients of the 
earth's atmosphere, the fluorite-filter method of analysis may provide 
important information of the selective emission of a planetary surface. 

II. ESTIMATES OF TEMPERATURES ON THE PLANET 

MARS 

In the present paper the various methods previously employed in 
deriving planetary temperatures from radiometric measurements on 
Mars and on the moon [1, 2, 3] are reviewed, and the temperatures are 
revised when the calculations are affected by the Flagstaff transmis- 
sion coefficients of the earth's atmosphere [4]. 

1. INFRARED TRANSMISSION OF THE EARTH'S ATMOSPHERE 

At the outset of this discussion it is relevant to consider the spectral 
transmission of the earth's atmosphere. In this connection it is in- 
teresting to note that the earliest measurements by Langley [5] show 
deep absorption bands in the far infrared. Translated from spectrom- 
eter circle-readings to wavelengths, by Very [6], the wide band of 
high atmospheric transparency at 7.5 to 15 \x shows a strong narrow 
absorption band at 9.6 \x (now identified with ozone) and weaker 
absorption bands at 10.9, 11.6, 12.4, 13.4, 14.3 and 15.7 ju, respec- 
tively, which are very similar to the most recent observations of Adel 
and Lampland [4], illustrated in figure 1. This raises the interesting 
question of the conditions under which Fowle [7] observed a greater 
absorption in the band at about 10.3 ll than at 9.6 ll. He reports that 
the band at 10.3 ll (which he surmised might be caused by ozone) 
systematically deepens with increasing air mass; and, in using the 
tabulated data given in the Physical Tables, he recommends multipli- 
cation of the values at 9.5 and 10.5 ll by 0.90 and 0.70, respectively, for 
one air mass, and 0.85 and 0.65 for two air masses, to allow for ozone 
absorption when the radiation comes from a celestial body. This has 
been the common practice in calculating planetary temperatures. 
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In figure 1 are shown the atmospheric- transmission curves, A and 
B, (but free from small indentations) for respectively 0.5 and 1.0 cm 
of precipitable water, observed by Adel and Lampland [4]; and 
similar curves, A f and B', as deduced from the Smithsonian Physical 
Tables [7] and used by the writer in previous calculations of Martian 
temperatures. Recalling the observations of Angstrom [8], that the 
selective absorption of a gas (e. g., C0 2 ), is dependent upon the total 
pressure, and recalling also that most of Fowle's measurements were 
made at lower elevations, and through larger amounts (1 to 3 cm) of 
precipitable water, than at Flagstaff, Ariz., it is an interesting question 
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Figure 1. — Transmission of the earth's atmosphere containing respectively 0.5 cm 

and 1.0 cm, of precipitable water. 

A and B, Flagstaff data; A' and B', Smithsonian data. 

whether this difference in outline of the band of high atmospheric 
transparency at 7 to 15 v, noted in these two sets of observations (see 
fig. 1), is partly attributable to the physical state of water vapor as 
affected (if at all) by barometric pressure. By shifting Fowle's trans- 
mission curve about 0.7 ^ to the shorter wavelengths, the two sets of 
data are in as good agreement as can be expected, and they are in good 
agreement with the earlier measurements of Langley [5] and Very [6]. 

2. PLANETARY TEMPERATURES DERIVED FROM THE LAW OF 
TOTAL RADIATION OF A BLACK BODY 

Although there appears to be an appreciable difference in the outline 
of the atmospheric- transmission curves of Adel and Lampland [4] 
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and of Fowle [7] for the same amount of precipitable water (curves 
A and A' in fig. 1), the total area included under these two curves 
happens to be closely the same. 

This is shown also in figure 2, which gives the spectral-energy dis- 
tribution of a black body at 0°C, as it would be observed after trans- 
mission through the atmosphere containing 0.5 cm of precipitable 
water, based upon the transmission data of Adel and Lampland (curve 
A) and upon the data published by Fowle (curve A'). Integration of 
these two curves shows only a small difference in area, amounting to 
(Fowle minus Adel and Lampland) +2.6 percent at — 23°C, +1.1 
percent at 0°C, and —2.2 percent at 100°C; or the equivalent of 
+2°, +0.7°, and — 4.6°C, respectively, at these three temperatures. 
From this it appears that a recalculation of the measurements, using 
the atmospheric-transmission data of Adel and Lampland and the 
total radiation of a black body, would decrease the previously pub- 




Fioure 2. — Method of calculating the spectral-component radiation (A and B) 
and estimating planetary temperatures. 

Upper curve, distribution of radiation of a black body at 0°C, outside the earth's atmosphere; curve .1, 
same, after transmission through the 0.5 cm of precipitable water (Flagstaff data) and A' (Smithsonian 
data); curves F and F', same as A and A' after transmission through the fluorite filter. 

lished estimated planetary temperatures by 4° to 5°C at 100°C and 
increase the temperatures by 2°C at — 20°C, with practically no change 
in the values at 12° to 16 °C. 

Owing to uncertainties in other factors, e. g., "spottedness" of the 
planetary surface, that enter into the computations, two persons 
(see [3], table 5, C. O. L. and D. H. M.) making these calculations, 
using the same observed water-cell transmissions and presumably the 
same (Smithsonian) atmospheric-transmission data, derived planetary 
temperatures differing by 1° to 18°. 

In view of the foregoing analysis, in the present paper no revision 
seems to be required of the temperature estimates previously derived 
from the observed water-cell transmission of planetary radiation and 
the law of total radiation of a black body. 

Reduction of the temperatures, by 5° to 10°, as deduced by the 
total-radiation method, using the Flagstaff transmission data, would 
introduce no inconsistencies with other data. In fact, since the true 
temperature of the planetary surface must be considerably higher 
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than the calculated black-body temperature, a reduction in the previ- 
ously calculated values (which seem high) would leave the data practi- 
cally in terms of true temperatures. 

3. PLANETARY TEMPERATURES DERIVED FROM A COMPARISON 

WITH THE MOON 

Based on the foregoing analysis, the temperatures of the moon, 
calculated by Menzel [9], using the water-cell transmissions of Cob- 
lentz and Lampland [3], should be lowered by perhaps 3° to 5° C. 
This will have but little effect upon the Martian temperatures (see [3], 
table 5, column 3), which are high when calculated by this method. 
Another method of estimating Martian temperatures, used by the 
writer, [3] was by plotting the observed lunar spectral-radiation com- 
ponents, A:B, (obtained with the fluorite filter) against Very's [10] 
observed temperatures at different ages of the moon, and extrapolating 
to the observed ratios, A:B, observed on Mars. These are true tem- 
peratures, and, hence, higher than the calculated "black body" tem- 
peratures. In the present investigation, this method of attack was 
reviewed, and it was found that the lunar temperatures derived from 
the ratio of the components, A:B y averaged about 5° C higher than 
the values given in reference [1], table 2, column A:B. Evidently 
no revision of Martian temperatures derived by this method is indi- 
cated. However, since all these temperatures appear to be unusuallv 
high, and since more recent work indicates somewhat lower lunar 
temperatures than those observed by Very (who compared the lunar 
radiation with that of a terrestrial source), this method of analysis of 
temperature conditions on Mars is not stressed as being crucial. 

4. PLANETARY TEMPERATURES DERIVED FROM SPECTRAL-RADI- 

ATION COMPONENTS 

As fully explained in the previous publications [1, 2, 3], this method 
of observation consists in separating the planetary radiation of wave- 
lengths 7 to 15 ju into two parts, by means of transmission screens of 
thin glass and of fluorite, giving spectral-radiation components, 
A and 5, of wavelengths 7 to 12.5 /x, and 12.5 to 15 /x, respectively. 
Unfortunately the spectrum cutoff is not sharp, especially with the 
fluorite filter, which is the most crucial part of the measurement. 
Other weak points in the method are the uncertainty of the correction 
for losses by reflection in the filters, and, especially, the uncertainty 
of the transmission coefficients of the air, and the size of the absorption 
band of ozone at 9.6 /*, which falls in the region of high absorption of 
the fluorite filter [1, p. 379]. 

In order to translate the observed components, A and B, into tem- 
peratures, in the past it was assumed that the spectral radiation from 
the planetary surface is nonselective (black body); and radiation 
components were computed for several temperatures (200°, 250°, 
273°, 300°, and 373° K) by multiplying the respective spectral- 
energy curves by the atmospheric transmissions for, say, 0.5 cm of 
precipitable water. This gives energy curves, A (Flagstaff) and 
A' (Smithsonian transmission data), depicted in figure 2, representing 
the spectral distribution of planetary radiation incident at the 
observing station. 

These spectral intensities are then multiplied by the spectral 
transmissions (transmittances ; see [3] table 3) of the fluorite filter, 
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giving the curves F and F' in figure 2. Integration of these curves 
gives the components of planetary radiation extending from 7 to 
12.5 m (=A) and 12.5 to 15 /x (=B), respectively. Using the Smith- 
sonian atmospheric- transmission data for 0.5 cm of precipitable water 
gives calculated ratios of A: B, ranging from 42.5 percent at —23° C 
(250° K) to 64 percent at 100° C (curve S in fig. 3). The corresponding 
values obtained by using the data published by Adel and Lampland 
give ratios ranging from 53 percent at —23° C to 77 percent at 100° C 
(curve F in fig. 3). For 1 cm of precipitable water the ratios cal- 
culated from the Smithsonian data decrease greatly in magnitude 
(37 percent at —23° C, and 54 percent at 100° C), whereas the ratios 
calculated from the Flagstaff data remain practically unchanged 
(54 percent at —23° C and 78 percent at 100° C). 
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Figure 3. — Temperature calibration curves. 

Calculated ratio of spectral components, A: B, (see fig. 2) for different black-body temperatures, using 
the Smithsonian (<S) and the Flagstaff (F) atmospheric transmissions; also selective emission on Mars (6?). 

In figure 3 are plotted the calculated ratios (A: B) of the components 
of planetary radiation transmitted through 0.5 and 1.0 cm of pre- 
cipitable water, based upon the Smithsonian (S) and the Flagstaff :ii (F) 
data on atmospheric transmission. From these graphs it appears 
that since the observed ratios of the components of the radiation from 
Mars range from about A: 5=41 to 56 in 1924, and A:B=50 to 62 in 
1926, the corresponding temperatures deduced from the Flagstaff 
data are generally far below zero, which is contrary to visual observa- 
tion and contrary to all other methods of calculation. 

Accepting the adequacy of the filter method of spectral analysis 
and the correctness of the atmospheric transmissions, the explanation 
is to be sought in the spectral emission from the surface of Mars. The 
most obvious way to decrease the magnitudes of these ratios is to 
reduce the emission in the region of 8 to 10 p. The only gases having 
strong selective absorption in this region of the spectrum are S0 2 , 

440573—42 5 
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with strong absorption bands at 7.4 and 8.8 /*, respectively, and NH 3 , 
which has a wide band of strong absorption extending from 8.5 to 
11 ix [11]. 

Discounting gaseous absorption, there remains the practical cer- 
tainty of selective emission from the solid surface of Mars. This 
problem was discussed in previous papers [12] in connection with the 
observations on the selective reflection of minerals, and the bearing of 
such data on the question of the temperature of the moon. It was 
then deduced that in the band of planetary radiation at 7 to 15 n, 
freely transmitted by the earth's atmosphere, the amount of solar 
radiation selectively reflected by carbonates, silicates, and sulfates 
(which have bands of selective reflection in this region of the spectrum) 
is relatively small; and that the emission of planetary radiation is 
suppressed in the bands of selective reflection, which is especially 
strong at 8 to 10 fx, in silicates 




Figure 4. — Method of calculating the spectral component radiation (A and B) and 
estimating planetary temperatures. 

Curves B and Z> are derived in the same manner as A and F in figure 2. Curves C and E are derived 
from B and D by including selective emission on Mars. 

As a practical example of the difference in the spectral radiation 
emitted by a black body and by a surface composed of silicates, in 
figure 4, curve A represents the spectral-energy distribution of a black 
body at 0° C and curve B represents the energy distribution after 
passing through the earth's atmosphere, which contains 0.6 cm of 
precipitable water (Flagstaff data). Curve D represents the spectral- 
energy distribution after transmission through the fluorite filter. The 
ratio of the components A: B=58A percent. 

Granite is composed of quartz, feldspar, and mica, and, hence, is a 
good example of a surface composed of silicates. Using a smoothed 
curve of the spectral reflecting power of granite (see [12], Pub. No. 
65, fig. 77) in which the reflectivity values are 18 to 20 percent in the 
band of selective reflection at 8.5 to 9.5 /*, curve C, figure 4, represents 
the calculated spectral emission of a surface at a temperature of 0°C 
and curve E represents the part transmitted by the fluorite filter. 
The ratio of the areas ^'.\B' = 53.0 percent as compared with A:B— 
58.4 percent for the black body (curve G in fig. 3). 
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Granite was used in these calculations because spectral-reflectivity 
data are available and because it is a composite of the minerals con- 
sidered. From an investigation [13] of the diffuse reflecting power of 
feldspar, sandstone, slate, etc., which show a high reflectivity at 8.8 n, 
the use of the spectral emissivities (1— reflectivity) of granite seems 
justified. Of course it is not to be inferred that the surface of Mars 
is solid granite. 

For further data on selective reflection and selective emission, 
particularly in connection with the radiation from the moon, reference 
is made to Carnegie Institution Pub. No. 65, page 113, figure 99, and 
Pub. No. 97, page 143, figures 102 and 103, reference [12]. 

In the absence of recent observations on the spectral emission from 
the moon, it is relevant to add some calculations the writer has made 
on the components of the lunar radiation (the average curve, plate 7, 
reference [5]) published by Langley. The ratio of ^4;S = 118 is un- 
usually high, indicating lunar surface temperatures up to 150° C. 
Part of this radiation may be selectively reflected sunlight and perhaps 
diffuse light in the spectrobolometer. Nevertheless, the evidence 
seems in favor of high selective emission on the lunar surface. A 
similarly high selective emission may be expected from the surface 
of Mars. 

In view of the foregoing considerations, and the fact that the radio- 
metric observations on Mars were made at Flagstaff, Arizona (eleva- 
tion 7,250 ft.), the writer has recalculated the temperatures derived 
from the ratios of the spectral components, A:B, using (1) a non- 
selective (black body) emission, and (2) a selective emission (silicates), 
as shown in figure 4 and (curve (?) in figure 3. 

As shown in tables 1 and 2, the black-body temperatures derived 
from the Flagstaff atmospheric-transmission data are much lower 
than the corresponding values previously derived by means of the 
Smithsonian data. In these same tables (in columns marked "Selec- 
tive Emission ,, ) the corresponding temperatures are deduced on the 
assumption of selective emission from silicates. The latter are true 
temperatures, and for the opposition of 1924 average about 25° C 
higher. For the opposition of 1926 the temperatures average about 
23° C higher than the calculated black-body temperatures. This is 
as it should be, but whether the magnitude is as great as indicated is 
unknown. 

In the previous papers [1, 2, 3] it was conjectured that the "true 
temperatures" might be 10° C higher than the "black-body" temper- 
atures. Since there probably is but little "blanketing effect" of the 
Martian atmosphere (there was more cloudiness in 1926 than in 
1924), and since vegetation as we know it has a high nonselective 
emission, the temperature rise of the Martian surface, under prolonged 
illumination, is a mere conjecture. Owing to seasonal conditions 
(late summer in 1926, and early summer in 1924) in the Southern 
hemisphere, the higher temperatures observed in 1926 are consistent 
with expectations. The average temperature (table 2) of the apparent 
center of the disk of Mars, as deduced by the fluorite-filter analysis 
and selective emission on Mars during the opposition of 1926, is about 
+ 15° C, in harmony with other methods of analysis. It is to be noted 
that on 40 percent of the observing nights the temperatures derived 
from fluorite-filter measurements are below 0° C. However, a study 
of the observations of 1926, made on other parts of the planetary disk, 
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and of the "remarks" concerning the visual physical conditions, given 
in table 2 of the previous paper [3], indicate that the cloudy conditions 
and "poor seeing," visible through a greater air mass on the limbs of 
the planet, may have extended to the center of the disk in sufficient 
amount to be perceptible radiometrically. In the previous paper, 
more cloudiness was noted on Mars in 1926 than in 1924. This 
cloudiness should raise the surface temperature, a well-recognized 
terrestrial phenomenon. 

Examination of tables 1 and 2 shows that during the opposition of 
Mars in 1924 the water-cell transmissions (W. C. T.'s) were higher, 
and the ratios of the spectral components (A:B) were lower, than 
during the opposition of 1926. This may be owing to two causes: 

Table 1. — Temperature estimates of Afars, 1924 

[Comparison of temperatures on the apparent center of the disk, assuming (1) black-body spectral emission 
and (2) selective spectral emission, on Mars; and using (1) the Smithsonian and (2) the Flagstaff transmis- 
sion coefficients of the earth's atmosphere. 1.0 cm of precipitable water. Declination of Mars. — 17°35'; 
brightness, 100] 





Water- 
cell trans- 
mission, 
W. C.T. 


Spectral 


Temperatures 




Date: 
1924 


Method of calculation 




compo- 
nents, 
A:B 


Black body 


Selective 
emission, 


Region on Mars 
















Smith- 
sonian 


Flagstaff 


Flagstaff 










C 


° C 


° C 




Aug. 6 


33.5 


41.7 


+12 


-83 


-58 


Syrtis Major. 


14 


30.5 


41.3 


+10 


-85 


-60 


Mare Sirenum. 


15 


32.4 


43.1 


+21 


-75 


-52 


Mare Sirenum on meridian. 


18 


31.1 


38.6 


-5 


-102 


-75 


Mare Sirenum. 


21 


32.5 


40.7 


+6 


-90 


-65 


Mare Sirenum on meridian. 


21 


34.9 


39.1 


-3 


-98 


-73 


Bright region north of Mare Sirenum. 


23 


32.8 


36.6 


-20 


-110 


-85 


Do. 


25 


33.7 


38.3 


-8 


-102 


-77 


Bright region north of Beak of Sirens. 


28 


31.2 


50.0 


+65 


-40 


-15 


Solis Lacus; poor seeing. 


Sept. 11 


30.8 


47.8 


+45 


-51 


-26 


Syrtis Major on meridian. 


13 


29.6 


39.3 


-2 


-95 


-70 


Syrtis Major on east limb. 


13 


25.1 


55.8 


100 


-12 


+15 


Syrtis Major. 18.4-foot focus; receiver 0.35 
diameter of disk. 


14 


29.3 


46.4 


+40 


-60 


-35 


Mare Cimmerium; receiver 0.35 diameter 
of disk. 



(a) the much greater amount of water vapor traversed by the planetary 
radiation in 1924; and (b) higher temperature conditions on the sur- 
face of Mars during the opposition of 1926. 

The apparent declinations of Mars, at these two oppositions, were 
— 17°35' and + 14°37', respectively— a total difference of 32°. 
Hence, the amount of terrestrial atmospheric water vapor traversed by 
the radiation from Mars was much greater during the opposition of 
1924. Therefore the water-cell transmissions should be higher and 
the ratio of the spectral components should be lower, in 1924, as 
observed. 

On the other hand, recalling the effect of clouds upon terrestrial 
temperatures, with much greater cloudiness on Mars in 1926, as 
already noted the surface temperatures should be higher than in 1924, 
as deduced from all the radiometric measurements. In this connec- 
tion it is to be noted that owing to differences in (a) solar distance, (b) 
inclination of the planetary surface exposed to the sun (seasonal 
differences), and (c) the size of the areas intercepted by the receivers, 
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and (d) owing to the impracticability of measuring the radiation 
emanating from identical areas, close agreement in the temperature 
estimates of Mars, at the two oppositions, should not be expected. 

The average temperature of the center of the planetary disk of 
Mars, during the opposition of 1924, is far below 0° C, indicating that 
an assumed selective emission does not completely account for the 
discrepancy in the temperatures derived by the fluorite-filter method 
of analysis of the spectral components of planetary radiation. This 
seems to be owing, partly at least, to the low declination of Mars in 
1924 and to the resultant greater uncertainty of the amount of water 
vapor traversed by the planetary radiation. Slight changes in the 
amount of atmospheric water vapor apparently have a relatively 

Table 2. — Temperature estimates of Mars, 1926 

[Comparison of temperatures on the apparent center of the disk, assuming (1) black -body spectral emission 
and (2) selective spectral emission on Mars; and using (1) the Smithsonian and (2) the Flagstaff trans- 
mission coefficients of the earth's atmosphere. 0.5 cm of precipitable water. Declination of Mars: 
-fl4°37'; brightness, 60.J 
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W. C.T. 
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Black body 
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Smith- 
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Flagstaff 
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° C 


• c 




Oct. 11 


27.9 


58.3 


55 


3 


27 


18.4-foot focus, receiver=0.45 diameter of 
planetary image. 


12 


21.8 


66.5 


105 


45 


70 


53.3-foot focus, receiver=0.16 diameter of 
image of Mars. Mare Cimmerium on 
center of disk. 


14 


27.5 


56.3 


45 


— 5 


17 


Do. 


21 


25.5 


61.7 


75 


22 


47 


80-foot focus, receiver =0.11 diameter of 
disk. Solis Lacus central. 


25 


24.9 


52. 5 


25 


-27 


-2 


Do. 


27 


25. 5 


51.0 


16 


-33 


-10 


Do. 


28 


26.4 


50.3 


12 


-37 


-13 


Do. 


Nov. 1 


30.5 


56.3 


45 


-6 


17 


53.3-foot focus, receiver intercepts 0. 10 of the 
diameter. 


2 


28.9 


57.2 


50 


-2 


22 


Do. 


4 


27.4 


52.7 


25 


-25 


-1 


Do. 


5 


28.3 


51.3 


17 


-33 


-10 


Do. 



greater effect upon the transparency at 6 to 8 /x than at 13 to 14 p. 
The fluorite-filter method of spectral analysis is very sensitive to 
slight changes in the spectral transmission of the earth's atmosphere. 
Hence, owing to the uncertainties of the transmission coefficients at 
the time of the observations, the fluorite-filter method is evidently 
too sensitive to deduce planetary temperatures from measurements 
of the components of the radiation emitted by celestial objects, in 
the spectral band at 7 to 12 /x (which is deeply indented by the absorp- 
tion band of ozone), at 9.6 ju, in the earth's atmosphere. On the 
other hand, by proceeding as above outlined, this method of analysis 
appears to be a useful means of securing information on the selective 
spectral emission of the planetary surface. 

The foregoing calculations were made with the expectation of 
making a further investigation of the planetary radiation of Mars dur- 
ing the opposition of 1941, using the filters and some of the other 
apparatus left at the Lowell Observatory. As it was not possible to 
continue the work, these calculations are now published, thus bringing 
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to a close an interesting investigation of instruments and methods of 
planetary radiometry, 2 made, during the past 20 years, in cooperation 
with the Lowell Observatory. Obviously, what is needed is a spectro- 
radiometric analysis of tue planetary radiation from Mars and from 
the moon. This should be feasible with the large reflecting tele- 
scopes now under construction and with further improvements in 
spectroradiometry. 
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See table 2 for comparison of the radiation sensitivity of thermocouples 

of various alloys; and, figure 4, showing the arrangement of the filters and 

(insert, fig. 4) the method of construction of the thermocouples to reduce 

the internal resistance. 

IV. APPENDIX. THERMOCOUPLES FOR PLANETARY 
RADIOMETRY 

In connection with the foregoing inquiry, the writer made tests on new com- 
binations of thermocouple material (not available in fine wires 17 years ago), one 
of which he recommends for use in stellar and planetary radiometry. 

In previous researches [14] it was found that, in spite of their high thermo- 
electric power (up to 120 yuv/°C), the radiation sensitivity of thermocouples of 
alloys of Bi-Sn and Bi-Sb was not much higher than that of thermocouples of 
Bi-Pt, which has a much smaller thermoelectric power (80 aiv/°C). This is owing 
to the great heat capacity of the alloy material, which is brittle and cannot be 
drawn into fine, pliable wire. 

It was found that a thermopile of fine-drawn wire of the alloy Chromel-P, hav- 
ing a thermoelectric power of +21 //v/°C (against Cu), combined with constantan 
(—40 juv/°C), giving a total of 61 mv/°C, is almost as sensitive as a Bi-Cu thermo- 
pile (75 mv/°C) in use by the writer. 

a The next opposition of Mars occurs September 10, 1956, with a brightness of 97. 
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The thermoelectric power of the purest Bi wire, against copper, varies from 75 
to 80 mv/°C. Thermocouples of Bi-Chromel-P wires were found to have a thermo- 
electric power of 96 to 100 axv/°C. The resistance of Chromel-P wire, 0.015 mm 
in thickness is high (about 4 ohms per mm), However, since in stellar and 
planetary radiometers a length of only a few millimeters is required, the resistance 
is of minor importance in comparison with the gain in radiation sensitivity result- 
ing from a reduction of heat conductivity. For instance in the writer's tests it 
was found that the radiation sensitivity of a Bi-Chromel-P thermocouple (Bi 
wire, £ = 0.012 mm, pressed flat; Chromel-P, ? = 0.007 mm; receivers 0.1 mm 
diam.) for use in planetary radiometry, was from 25 to 35 percent higher than that 
of a similar thermocouple of Bi-Pt, which is in accord with the data given in 
table 2 of reference [14]. 

Washington, August 15, 1941. 



